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ABSTRACT

REAL WORLD VEHICLE EMISSIONS ANDEMISSIONSMODELING RESEARCH
PROGRAMOF THE COORDINATING RESEARCH COUNCIL, INC.

Timothy C. Belian and Brert K. Bailey. Coordinating Research Council, Inc., Alpharetta,
Georgia

The Coordinating Research Council has seved asthe focal paint for the aitomotive and
petroleum industries in conducting cooperative reseach. Efforts have beendirecedat
generating stdistically vaid data on the dfect d fuels,lubricarts, and vehicle sysens
vehicle peformance, emissions ard resultant air quality. Many research projects have also
involved other entities including various government and industry organizations. Data and
reports generated in CRCprojects are made publicly available. During the past ten years,
CRC has enphasized theimportance d "realworld" emissions measuemerts toobtain a
better undestanding of the emissionsinventory and impacts onurban ar qudity. This
programhas been conducted under the auspicesof the Rel World Vehicle Bmissions ard
Emissions Modding Group of the CRC Emissions Committee Rdated reseach on
modding urban air quality is cnducted by the CRC Atmospheric Impacts Committee. An
overview of this CRC research program will be presented including biief synopses of current
projects sich as "Dieseé Particulate Sampling Methodology," "Effectof A/C on Tail pipe
Emissions," "Remote Sensng of High Emitter Vehicles," "Biogenic Contribution to Urban
Ozoneard PM25," and others.
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The Coordinatig Reseach Counci) Inc. (CRG susaining
membea's ae:

* The US. Councilfor Automotve Reseach USCAR)
* The Amerncan Petradum Insitute (API)
* Sociey of Automotive Engneers GAE)

Its obgcive, as sated in the (RC Chartr, is:

"T o encourage andpromote the arts and sciences
by directing scientific cooperative researd in developing
the bestpossble combinations of uels, lubricants, and the
equipment in which they areused, and to afford means of
cooperation with Government on matters of national
intereg within thisfield."
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CRC Resexh Committees

CRC furctionsthrough committee action
Industy andgovermment articipation
Projectsselected to met coopeativegoals
Final reports are available tohe public
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Prgect No.
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Current Projectsin the Red World Vehicle
Emissiors andEmission Modeling Grop

Prgect Name

E-23 Ramote Sensing of High ExhaustEmitters

Prdgect Staus
Annua reports available

E-37 Hfect of A/C on Regulated Emissions Report 3Q, 2000
E-39 EMFAC7G/EMFAC2000 Analysis Report 2Q, 2000
E-41 Evapordive Emissios of Never Veticles Project Comgete
E-43 Diesel Paticulate Sampling Methodology Reprt 3Q, 2001
E-52 On-Road Ammonia Emissions Report 2Q, 2000
E-53 Vehicle Analysis--Weekday vs. Weekerd Report 1Q, 2001
E-54 Certral Cardina Vehicle PM Study Report 2Q, 2000
E-55NOx ard PM Emissons from HD Diesé¢ Start 3Q, 200
E-56 DieseINOx andPM Remote Sensing Start 3Q, 2000
E-58 Carboxylic Acid ard Carbonyl Emissions Report 2Q, 2000
E-59 DieselGasline PM Split Start 3Q, 2000
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CRCProject Na E-23: Remde Sensingf
High Exhaust Emitters

Objectives Tofollow enission rates determined by renote semsing
measuvemerts ofonroadlight-duty vehicles atselected sites todentify trends
over a fve-yearperiod andto estimate chages in igh-emitter vehicle

populatons

Findings/Status

* Pag gudes show that 5080)% of emissionscome from 100)% of vehicles
* Projectin cooperaton with EPA, CARB, and Geagia Tech
* Los Angeles, Ploenk, Denwer, Chicagq Rakigh-Durham Atlanta

* TheUniversity of Denverunder cantractto CRC

* A datacollecion protocol sandard hasbeenegablished
* The project cantinuesuntil Q2, 2004 ?Exter to 2-yr Interval?

* See the CRCwebsite for annual reports
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CRCProject No. E-37: Effect of A/C on
Regulated BEissions

¢ Objectives To measre regulated ernssions from selectedn-use
vehicles wnder avariety of environmental canditions, with andwithout
the vehicle ar conditioneroperaing.

indings/Status
CAVTC project Sippat from CARB andTNRCC
Phase 1study completedin 1999 on initial vehicle fieet
Phase Ztudy extended velticle fleet anl test caditions
Tenperatue, humidity, solarload,andAC variades
Effects d total AC load (enthalpy) explored
Statistical aralysis condicted onall dat
Finalrepat & SAE paperto beprepred3Q, 2@0

* %k ok %k * T

it COORDINATING RESEARCH COUNCIL

CRCProject Na E-3:
EMFAC7G/EMFAC2000 Analysis

» Objectives: To etimae theuncertainties h theEMFAC modé and
reconmend ©rrective actions to reducencetainties.

» Findings/Status:
* CARB coopestion in he evaluaton by ENVIRON
* Comprehasive EMFAC7G evaluaton on 12 model elerants
* Final Report on BMFAC7G compkted Mach 1999
* EMFAC2000 eview to be conducted
* Modelresults mmpared aganst unnd study
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CRCProject Na E-41: Evaporative
Emissionsof Newer Vehicles

* Objectives: To peform evapaative enissionstesting of asignificant
sample of naver LDVs(1992to 197) in amannerconsstent with
previous (RC evaordive anissions gudies (E-9 andE-34) and A/O
Hot Soak Pibt Sudy.

» Findings/Status:
* ATL conduded thevehicle st program
* Sieraprepral Final Data Analysis Report (Odobea 1999)
* Hot &, ruming loss, and eattime durnal emissionsmeasured
* Enhaned Evaordive Catrols show significant reducions
* MOBILE5b andMVEI7G modd overpredictionsin sane cags
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L
CRCProject No. E-43: Diesd Particulate
Samplirg Methoalogy

» Objectives: To determnetheactual seedistribuions and pdicle
count h exhaust plimes on the rahfrom heavyduty diesé vehicles
and ompare thatdata to the size distbutions and paicle counts
found in tesfacilities.

» Findings/Status

* Spmsa Team: DOE/NREL, EMA, Cummins, Caerpillar, SCAQMD, CARB, Volvo,
NIOSH

* Project Team: UMN, WVU, Paul Scherer Institute, CMU, DRI, Tampere University,
UC Davis

Mobile Laboratory constructed

Cummins field sudy and Langley AFB wind tunnel study completed

Cummins laboratory and Caerpillar field and laboratory tests amost completed
Sample dilution process and temperature affects nucleation mode particle distribution
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CRCProject Na E-22: On-Road Ammaia
Emissiors

* Objectives: To sampé the iate of ammora and amnonium
ion emssion kvels from on-highway Macles.

» Findings/Status:
* DRI sampéd vehicks in the TusceoraMountain Tunnel
(hot55 mph steady state, newvfled)
* Ammonia analysis conducted byOWDavis
* Final repot out for gproval
* Results compared to othestienates:
LDSI 15 mg/mi; HDD <8.4mg/mi
LDSI 116 mg/mi (Cass,Van Nuys Tunnel)

e LDSI 113 mgmi (Suton, Europe
e LDSI7.9mg/mi (Cadle, Oxidation Céalyst, 1980)
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X

CRC Progct No. E-53: Weekdy/WeekendOzone
Observatiors in the SACAB

« Objectives To usemethods thatcantest seeral hypothesesegarding
the cau®s of high weelendozore in the Suth CoastAir Basn.
Hypathesesnclude spatiabnd empaal dfferences, cinges in
VOC/NOXx ratios, weeked eveting emissions cayover, andothes.

¢ Findings/Status

* DOE/NREL-sponored aralysis andfield program

DRI isdoing retrogpedive aralysis, Segemter 2000field sudy
CRC taskon"Update anl Improve Sairce Canposition Profiles"
40 canisteandDNPH VOC souce samgis to becollected
Conduwcting monitoring nearepicerter of non-mokile VOC saurces

*
*
*
*
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CRC Projet No.E-54: Centrd Carolina
Vehide PM Study

* Objectives To measurexhawst PM,;,and PM, ¢ emisson ratesfrom
in-use LDVsin the easter U.S andto create a dtabase thatan be
usedto derelopa souce pofile far these emissons fa usein receptor
modeling.

¢ Findings/Status
* EPA condicted the vehicle test program, Cade dong SAE paper
* Winterand simmertest phasegoutdoa dynanometr)
* CRC/NREL sporsored chenical analis of PM by DRI
* GaolineLDV PM emissionrates smilar to other gudies
* Goodcorrelation betweenPM,, andPM, ¢ emisson rates
* 80% oftotal cabon is pesent as "ogaric carton”
* PAH speciatbn awilablefor creaton d profiles
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CRC Progct No.E-55: NOx and M Emissons
from HD Diesdl

« Objectives To usenovel apppoactesto vaidate o verify theaccuracyof
diesel ensgons invertories for NG« ard PM in California's Sath Coad Air
Basin by improving NOx and PM emission factas, which will then be
conpared with curent diesl emisson factoss in the inventory models.

¢ Findings/Status
* Coopegtive sponors. CARB,DOE/NREL, SCAQMVD, EPA(01) ard EMA
* Dieselsconsideed ngjor source of PM and NOx
* PM andNOx heath concens
* Current enission fadors wncertan
* Statistical aalysis un@rway toidenrtify prgect scop
* Tobe jointly conducted with CRC PrgectNo. E-59
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CRC Projet No. E-56: Remote Sensing
Measuremats of On-Rad Heavy-Duty Diesel NOx
and PM HEnissimns

Objectives: Developrenote sensig systems taneasue NOard PM and
denongrate the applcaion d developed tchniquesona varety of
heaw-duty vehiclesand \ocaions

Findings/Status:
* Collaborative efbrt to complement CRC Project No E-55
* RFP isued by CRC in Q2, 2000
* Validation of the renote sesing measurerants reqgired
* 4Q’00 shootout beween two bidders for demonstration/validaton
* Characerizaion of busflees, short- and long-had trucks, andothers
* Remmmendatonson future HD renote sersing applicaions
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L
CRCProject Na E-53: On-Road Emissions of
CarboxylicAcids andCarbonyls

» Objectives: To measure orroad véicle emission rates of
seveal caboxylic adds and carbonyls

* Findings/Status:
* Projed conduced by DGA Inc.
* Carbonyl samples collected inhe 1999 Tus@rora Mountan
Tunnd study

Carboxylic add sanples collected inhte 1999 Gldeait
Tunnd study

* Emisson factors 6r HD and LD will becalculated

* Final Report Rart 1 updaed drat received; Rrt 2 o be
combined with Part 1

*
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CRCProject No. E-59: Diesd Gasoline
PM Split

» Objectives: To determmetheapportonment of mobe
sour@ PM between gmoline and diesé vehicles wth
statistical significane assgned b each souwe

¢ Findings/Status
* Coopesrtive CRG DOE/NREL, CARB projed
* Prior dada undergoing stisticd analysisto deternme
project scope
* Reviewprevious reeptor modestudies in Los Angeles
and Denve
* To bejointly conduted with CRC Project E-55
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CRC Emissions Committee

AM MONIA EMIS SIONS RESPON& TO FUEL SULFUR
(E60) (CY 200 kudget $30Ck and CY 2M1 budget$300k)

. Supfdemert the invertory dataon fleetammoria enissions from LEVsand
detemine enission resnse tothree fiel sufur levels

*  Vehicles fomrertal fleet,as-recaied aml aged catalgts, 3 test tiels, FTP
andUSO06 drive cycles

*  AnticipateRFP next month

LUBRICANT SULFUR EFFECTS ON LEV EM ISSIONS
(E61) (CY 20 kudget $30k and CY 2M1 budget$200k)

e Quantify emissonimpact fom varying sufur levels in base al and ZDP
additives onLEVs operatedwith sufur free gsdine

»  Scoping stud/, need todetemine if statisticadiffererce can b found
*  Combination with E-60 to reduce program costs
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Summay

1. CRC works coopedtively with industry and gowvament
to support a variety ofeseach eforts incuding those
related to the environmedtimpacts of vehicle emissns
to provide dtisticdly valid objedive data, viich ae
publicly avalable.

2. The CRCReal Wold Vehicle Emissbns and Enissions
Modeling Group condus reseach to nvestigate the
emission rates of in-use vhicles and estinate heimpact of
real-world vehicles on the emiggis inventory.

3. The CRCAtmosphericiinpads Comnittee conducts
studes to predict the inpact of emssions on air qualit
and arbome toxcs.

Wind Tunnel Layout

11



“REAL WORLD VEHICLE EMISSIONS AND EMISSONS
MODELING RESEAR® PROGRAM OF THE CRC” as preenteal by

Bob Gore to theMSTRSon 10/1100

Thisillustration shows a typical application of the University
of Minnesota M obile Aerosol laboratory developed for the
CRC E-43 Program
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CRC Web Site

WWW.Crcao.com
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